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We report a method to establish long-term cultures 
of melanocytes derived from human hair follicles. 
Normal human scalp was transected 1 mm below the 
epidermis, and hair follicles in the remaining dermis 
were isolated by collagenase treatment. Hair-follicle 
cell suspensions were prepared by trypsin/ethylenedi-
amine tetra acetic acid treatment and cultured in a 
mixture of Eagle's m inimum essential medium (sup-
plemented with 12-0-tetradecanoyl-phorbol-13-ace-
tate and cholera toxin) and keratinocyte serum-free 
medium. After contaminating fibroblasts and kerati-
nocytes were removed, cells with two distinct mor-
phologies remained. These included large, dendritic 
and deeply pigmented cells, which did not proliferate 
M uch of the recent progress in hair research has resulted fro m advances in culture methodology for intact hair fo llicl es [1, 2] and their cellular components [3- 6]. H uman hair-follicle cell s grown successfully in culture include follicular 
papilla fibrob lasts [3], outer root shea th (ORS) keratil10cytes [4], 
and germ in ative epidermal cells from the hair matl-ix [6]. By 
contrast, hair-fo Lli cle melanocytes have not been cultured , perhaps 
beca use of their re latively low numbers in the hair follicle [7]. 
Hair-follicl e melanocytes consist of two morphologically and 
functiona lly different types : pigmented melal10cytes (dendritic and 
dopa-positive), present in th e infundibulum and bulb, and amela-
notic melanocytes (nondendritic and dopa-negative) , present in the 
ORS of the middle and lower follicl e [8]. Little is known of the fate 
of either melanocyte population after anagen; i .e ., whetheJ' they are 
lost with resorption of the lower follicle du ring catagen/telogen or 
whether they dedifferentiate and becom e nondendriti c and amela-
notic [9] . 
Availability of reliable methods of growing hair-follicle melan o-
cytes in cu lture will lead to a better understa nding of the role of 
these ce lls in hair growth and disease . H ere , we describe a method 
to establish hair-follicl e melanocytes in long-term culture . 
MATEIUALS AND METH ODS 
Isolation of Hair Follicles Normal human sca lp (approximately 15-20 
cm 2) was obtained from four individuals (two men and two women; m ean 
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and which disappeared by the third passage, and 
small bipolar cells, which initially were unpig-
mented, proliferated very rapidly, and became pig-
mented after the addition of3-isobutyl-l-methylxan-
thine to the culture medium. Both cell types were 
melanocytes as confirmed by electron microscopy 
and by staining with antibodies to S-100, GD3 , and 
melanosomal antigens. The availability of cultured 
hair-follicle melanocytes will facilitate investigations 
of the role of these cells in nornlal and abnormal hair 
biology. Key words: amelanotic melanocyte/ollter root 
sheath/electro" microscopy. ] Invest Dermatol 104:86-89, 
1995 
age 40 years) during routine plastic surgery and placed in Eagle's minimum 
essential medium (Mediatech. W ashington , DC) containing antibioti cs. The 
epidermis and upper 1 mm of dermis w e re removed with a scalpel. Hair 
follicl es were isolated by cutting the tissue into l_cm 2 pieces and incubatiJlg 
these in the above culture m edium supplem ented with 0.50'!!0 co ll agenase 
Type V (Sigma, St. Louis, MO) and 5% feta l bovine serum (Intergen , 
Purchase, NY) for 1-2 h at 37°C. 
Preparation of Hair-Follicle Single-Cell Suspensions /-lair follicl es 
were freed of contaminating dermal ti.ssue b y exhaustive wasl~ing in 
phosphate-buffered sa line (Gibco, Grand Island , NY). Washing was con-
tinued until populations of hair follicles appea red pure by microscopic 
exam in ation (Fig 1). Single-cell suspensio ns were obtained by treating the 
iso lated hair follicles with 0 .05% trypsin and 0.53 mM ethylenediamine 
tetraacetic acid (EDTA) for 5-10 min at 37°C. The ce ll s were plated onto 
35-mm plastic tissue culture di shes w ith Eagle's minimum essentia l m edium 
supplem ented with 10'y., feta l bovine serum (Intergen) , 0.2 ILg/ml cho lera 
toxin (List Bio logical Laboratories, Campbell , CA), 50 nM 12-0-tetrade-
canoylphorbol-1 3-acetate (Sigma), 0 .05 mg/ ml gentamicin, 2 .5 ILg/ml 
fungizone, and keratinocyte serum-free m edium (Gibco). When present, 
contaminating fibrob lasts were rcm oved with geneticin treatment (G418 
sul fate , G ibeo) (10), and keratinocytes were removed by differential 
trypsinization. 
Induction of Melallogenesis in Hair-Follicle Melanocytes Amela-
notic hair-folljcle melanocytes (AM-melanocytes) were cultured in the 
above m cdium supplem en ted w;th 10- 4 M 3-isobutyl- l-mcthylxanthine 
(IDMX). 
InuJ1ltnofiuorescence Staining for Melanocyte Markers Cell s were 
identified as melanocytes in part by express ion of S-100 protein, GOl ' and 
me lanosome-re lated antigens. Cells were grown on LabTek glass chamber 
slides (Miles Laboratories, Naperville , IL), fixed in 100% m ethanol , and 
sta ined con ventionally with the fo llowing antibod ies: anti-S-100 polyclonal 
IgG antibody (Sigma), MEL-l monoclonal antibody against the ganglioside 
GO) (Signet Laboratories, Dedham , MA), NKl/beteb monoclonal antibody 
agai nst premclanosomal antigens (Monosan, Calta g, San Francisco, CAl, 
.1Ild TA99 monoclonal antibody against tyrosinase-related protein- l 
0022-202X/95/$09.50 • SSDI0022-202X(94)00259-A • Copyri ght © 1995 by T he Society for In vestigative Dermato logy, Inc. 
86 
VOL. 104, NO. 1 J ANUARY 1995 
J 
Figure 1. Pure population of hair follicles . Follicles were isolated fro m 
sca lp tissue after 0.50% collagenase treatment and removal of contaminating 
dermal tissue. Bright-field illumina tion . Bnr, 220 !Lm . 
(TRP-1: a brift frOI11 Dr. AJan Ho ughton, Memorial Sloan Kettering, NY) . 
Neonata l fibroblasts were stained similarly as negative controls. 
Dopa and Combined Dopa-Premelanin Reaction Melanocytes 
were sta ined for dopa and the dopa-pre melanin reaction, as described 
previously [11] . Similarly treated neonata l foreskin fibroblasts were used as 
contro ls. 
Transmission Electron Microscopy C ells wcre grown to confluence 
on 35-mm dishes, fixed in 2.5% glutaraldehyde in 0.1 Mi l cacodylate buffer 
(pH 7.4), and processed conventionall y. 
RESULTS 
Isolation of Hair-Follicle Cells Hair follicles were isolated 
from normal scalp dermis, which was separa ted fr0111 the upper 
dermis with a scalpel. Absence of epidermis was confirmed micro-
scopically in all cases. Collagenase treatment of l_cm2 ChWlks of 
dermis permitted isolation of hair follicles in all stages of growth 
(Fig 1). Individual cells w ere released from the isolated hair fo llicle 
by trypsin/EDTA treatment and plated onto tissue culture dishes 
with medium. 
Less than 0.1% of plated hair-fo llicle cells consisted of cells 
assum ed to be melanocytes based on their intense pigmentation and 
dendricity (hereafter called PD-melanocytes for pigmented and 
dendritic melanocytes). Most of the remainder consisted of round 
unpigmented cells. 
Establishment of Hair-Follicle Melanocytes in Culture 
Twelve hours after plating, some cells attached to the substratum. 
These cells included PD-melanocytes, small nonpigmented m ela-
nocyte-like cells (based on their characteristic smooth, bipolar, i.e ., 
"neuronal" shape), occasion"J keratinocytes (identified by their 
cobblestone morphology), and fibrob lasts (distinguished from AM-
melanocytes on the bas is of their size and their broad and flattened 
shape) . Keratin ocyte growth was retarded in this cu lture medium 
supplem ented by 12-0-tetradecanoylphorbol-13-acetate, and fi-
broblast growth was controll ed by geneticin treatment. 
AM-melanocytes were smaller and bipolar, whereas PD-mela-
nocytes commonly formed clusters of up to 10 cells. Intimate 
contacts occurred between the two melanocyte populations, with 
AM-melanocytes extending cytoplasmic processes to PD-melano-
cytes, and vice versa . In some cases, PD- and AM-melanocytes 
could be seen to emerge fro m small fragments of poorly dissociated 
hair-follicle tissue that fortuitously attached to the substratum (Fig 
2) . TillS observation suggests that PD- and AM-melanocytes can 
coexist in the same hair-follicle anatomic sites. The presence of 
PD-melanocytes in these fragments suggests that the fragments 
originated from the hair bulb, as pigmented melanocytes do not 
exist elsewhere in the hair follicle. 
M arked prolife ration of AM-melanocytes, but not of PD-mela-
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Figure 2. Pigmented (PD) and unpigmente d (AM) cells migrating 
from " hair-follicle fragme nt after 7 d in primary c ulture. Most 
unpigmcnted cell s are small and bipo lar. Melanosomes are clearly vi sible in 
PD-mclanocytes. Bright-ficld illumination. Bnr, 18 !LJl1. 
nocytes, was observed after 12-16 d in culture (Fig 3) . Pt;mary 
cultures reached confluence afte r approximately 2- 3 weeks. At this 
time, the predominant cell type was AM-melanocytes (Fig 3). The 
melan ocyte cultures were split 1:2 and re-treated with geneticin, if 
necessary, to remove any residual fibroblasts. R emaining keratino-
cytes were removed by ditl:erential trypsilllzation. PD-melanocytes, 
keratinocytes, and fibrobl asts were absent from cu.1tures after the 
tllird passage. AM-melanocyte cultures could be maintained for at 
least 30 passages (approximately 60 doublings over 9 1110nths) . 
Cell Characterization To con firm that AM-cells were indeed 
melanocytes, we immunostained the cells with melanocyte-specific 
antibodies. Greater than 99% of the cells (after passage 3) expressed 
S-100 protein and the ganglioside G[)3 (data not shown) . All 
pigmented cells also expressed premelanosomal antigens, recog-
ruzed by NKI/ beteb antibody (Fig 4), and TIU>-l, recognized by 
TA99 antibody (data not shown) . These findings confirm that 
AM-cells were indeed m elanocytes. 
Most AM-melanocytes were positive for the dopa-premelanin 
reaction when grown in the absence of rBMX, but became 
dopa-positive in IBMX-suppl emented cul ture m edium (Fig 5). 
TillS further confirms their identity as melanocytes. Control exper-
Figure 3. Hair-follicle melanocytes after 18 d in culture (passage 
1). Note the greater number of AM-mcla.llocytes (t"i ll mTOl/Is) compared to 
PD-melanocytes (t"ick nmJlIIs). Bright-field illumination. Bm', 60 !Lm. 
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Figure 4. Immunofluorescence staining of hair-follicle melano-
cytes for premclanosomal antigens (100 and 7 kD). Bor, 20 }-Lm. 
iments using neonatal foreskin fibroblasts were negative in these 
staining procedures. 
Transmission electron microscopy of AM-melanocytes grown in 
the absence of IDMX revealed amelanotic cells, whereas cells from 
IDMX-treated cu ltures contained melanosomes i.n all four stages of 
maturation (data not s·hown) . 
DISCUSSION 
In tius study, we descl"ibe a method of establishing hair-fo11icle 
melanocytes in long-term cu lture. Although melanocytes of epi-
dermal origin and most other ha.ir-fo11icle cell types have been 
cultured successfully [3-6J, t1"lis is the first repoJ·t of the successful 
long-term culture of normal human hair-follicl e melanocytes. 
Greater than 99% of the cells expressed S-100 protein , ganglioside 
GD3 , (pre)melanosome antigens (100 and 7 kD), and TRP-l, 
indicating that they were melanocytes [12,13J. In addition, the cells 
became pigmented and dopa-positive when grown in IDMX-
supplemcntcd medium, further ' illdicating that they were melano-
cytes . 
Important features of this method of hair-follicle melanocyte 
culture include the following. First, melanocytes were isolated not 
only from bair bulbs , but also from the middle to lower ORS 
region. Hair-bulb melanocytes are relatively few in number. T he 
majority of these cell s are lughly differentiated [9J and thus may 
have limited proliferative potential. By contrast, ORS melanocyte~ 
are poorly differentiated, lack pigment and dcndrites, and are 
idcntiliablc ill vivo by antibodics to premelanosomes. They cannot 
Figure S. AM-melanocytes grown in ffiMX-supplemented me-
dium for 2 weeks and stained with L-dopa. Bar, 20 11,111. 
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be identified by antibodies to mature melanosomes or the func-
tional proteins tyrosinase, TRP-1, or TRP-2. * Second, contami_ 
nating dermal tissue was removed from isolated hair follicles. If this 
is not aclueved, the prolonged treatment with geneticin, required to 
kill heavy contamlllation with fibroblasts, usually also results in loss 
of the l11elal1ocytes. 
A striking feature of early hair-follicle melanocyte cultures Was 
the presence of two distinct cell populations. PD-l11elanocytes 
(large, dendritic, and intensely pigmented) were present in small 
numbers in primary cultures and were not observed after passage 3, 
whereas AM-l11elallocytes (small, bipolar, smooth, and nonpig_ 
mented) were the dominant cell type in established cultures. We 
believe the PD-melanocytes disappeared because they are well 
differentiated and have linuted proliferative potential, although we 
cannot exclude the possibility that these culture conditions did not 
support proliferation of PD-mel31lOcytes. 
Both PD- and AM-melanocytes were of hair-follicle origin, as 
these cells were derived from isolated hair fo11icles, the epidennis 
was removed from scalp specimens before hair-fo11icle collection, 
and this separation was confirmed microscopically. In addition, 
both PD- and AM-melanocytes could be seen to migrate from small 
fragments of hair follicle that had fortuitously remained attached 
durlllg primary culture. We believe that PD-melanocytes origi-
nated from the hair bulb, as no sinular cells have been shown to 
exist elsewhere in the hair follicle. We believe that AM-me13110-
cytes are likely to originate, in large part, from the ORS, as these 
cells share important morphologic features with ORS melanocytes . 
These features were apparent in the AM-melanocyte population 
immediately after isolation, and therefore are unlikely to be induced 
by culture conditions. 
The sigJuficant proliferative activity of AM-melanocytes supports 
the notion tilat ORS melanocytes may provide a reservoir of 
melanocytes for hair bulbs during early anagen [9], during hair 
regrowth in alopecia areata, and for repigmentation of the epider-
mis in vitiligo [14J, burns, 3l1d dermabrasion [15). 
In conclusion, we have successfully established hair-follicle 
melanocytes in long-term culture and shown the existence of two 
morphologically different populations of melanocytes in hair folli-
cles: one undifferentiated (AM-melanocytes) and the other more 
differentiated (PD-melanocytes). Only the former was observed to 
proliferate. These cells will provide a useful tool to examine the 
role of foll.icular melallocytes in hair biology and disease. 
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